Scientific summary Background
Fractures of the lower limb are common injuries in civilian and military populations. Most fractures are 'closed', that is, the skin overlying the fracture is intact. However, if the fracture is 'open' then the broken bone is exposed to contamination and the risk of infection is greatly increased. In severe, high-energy open fractures of the lower limb, infection rates of 27% are still reported, even in specialist trauma centres. The initial management of open fractures involves the surgical removal of damaged tissue and contamination (debridement) under anaesthetic and the administration of antibiotics. The fracture is usually immobilised with some form of internal or external fixation and a dressing is applied to the surface of the wound.
Traditionally, a sealed, non-adhesive layer is applied to the exposed area to protect the open fracture from further contamination. The wound is covered in this way until a reassessment and further debridement are performed in the operating theatre 48-72 hours later. This method has been used throughout the NHS and in military practice for many years.
Negative-pressure wound therapy (NPWT) is an alternative form of dressing which may be applied to open-fracture wounds. This device creates a vacuum that removes blood and exudate that may collect in the wound and pose an infection risk. The vacuum may also remove bacteria from the wound and encourage the formation of 'granulation' (healing) tissue. However, NPWT dressings and the vacuum machines are considerably more expensive than traditional wound dressings.
Previous trials of NPWT have shown encouraging results, suggesting lower infection rates in other patient populations. However, before this trial, there was only one randomised controlled trial ( The aim of this pragmatic, multicentre RCT was to compare standard wound dressings with NPWT for adults with an open fracture of the lower limb.
Methods

Study design
The study was conducted in two phases. Phase I assessed the feasibility of running a large-scale multicentre RCT in the challenging environment of trauma care. The feasibility study was undertaken in five trauma centres in England over a 6-month period. Qualitative interviews were conducted with 20 patients, while two multidisciplinary focus groups were held with staff to inform recruitment and consent procedures. Phase II consisted of the main RCT, in which participants were recruited from 24 specialist trauma hospitals in the UK Major Trauma Network.
Patients
Eligible patients were aged ≥ 16 years and had an open fracture of the lower limb assessed as Gustilo and Anderson (G&A) grade 2 or 3. Patients had to present to the trial hospital within 72 hours of their injury, including those who were transferred from other hospitals. Patients were excluded if they had contraindications to anaesthesia or were unable to adhere to trial procedures or complete questionnaires, for example patients with permanent cognitive impairment.
Interventions
Usual-care group
Usual care for open fractures is a standard dressing comprising a non-adhesive layer applied directly to the wound covered by a sealed dressing or bandage. The standard dressing did not use 'negative pressure'. The exact details of the materials used were left to the discretion of the treating surgeon as per routine care. Details of each dressing applied in the trial were recorded and classified according to British National Formulary classification.
Intervention group: negative-pressure wound therapy
The NPWT dressing used an 'open-cell' solid foam or gauze which was laid onto the wound followed by an adherent, sealed dressing. A sealed tube was connected from the dressing to a pump which created a partial vacuum over the wound. The basic features of the NPWT are universal, but the exact details of the dressing and pressure (mmHg) were left to the discretion of the treating health-care team. Details of dressings used were recorded in trial documentation.
Outcomes
The primary outcome was the Disability Rating Index (DRI) score, a validated scale which assessed patients' rating of their own disability in the 12 months after randomisation. The DRI provides a 100-point score, where 0 represents normal function and 100 represents complete disability.
The secondary outcomes were health-related quality of life (HRQoL), deep surgical site infection (SSI), other postoperative complications and resource use. Infection outcomes and complications were assessed by independent research staff. A photographic assessment of wound healing was made at 6 weeks. Radiographic images were collected at 6 weeks and 12 months. Patient-reported outcomes (DRI; EuroQol-5 Dimensions, three-level version; and Short Form questionnaire-12 items), self-reported complications and health-care resource use were collected by questionnaire at baseline, 3, 6, 9 and 12 months after randomisation.
Care pathway
In the UK Major Trauma Network, most patients with an open fracture of the lower limb are transported directly to a specialist trauma hospital (a major trauma centre or a trauma unit with orthoplastic surgeons on site) for definitive care. Patients presenting to a non-specialist hospital are usually transferred within 72 hours of their injury. Usual care for patients admitted with an open fracture of the lower limb involves surgery on the next available trauma operating list. All patients received a general or regional anaesthetic. The wound associated with the fracture was 'debrided' (surgical removal of damaged tissue and contamination) in the operating theatre and the fracture treated with either internal or external fixation. At the end of the initial operation, if the wound could not be closed primarily (direct suture of the wound edges), patients were randomised and allocated to either standard dressing or NPWT.
After treatment allocation, both groups of patients then followed the normal postoperative management pathway for patients with an open fracture of the lower limb. This usually involved a second operation at 48-72 hours, at which time a further wound assessment and debridement were performed and the wound closed either primarily or by soft-tissue reconstruction as necessary. In some cases, it is not safe to perform definitive closure of the wound within 72 hours. For example, some patients with a serious head injury in association with their open fracture of the lower limb cannot tolerate a long anaesthetic and surgical procedure such as a 'free-flap' reconstruction. If the wound could not be closed definitively, a further dressing was applied to the open-fracture wound after the second debridement. Any further wound dressing followed the allocated treatment until definitive closure/cover of the wound was achieved.
Randomisation and allocation sequence generation
Randomisation was based on a computer-generated randomisation algorithm held and controlled by York Clinical Trials Unit. The unit of randomisation was the individual patient on a 1 : 1 basis and then stratified by trial centre and G&A grade. When a patient entered the trial, non-identifiable details were logged on the secure, encrypted, web-based system. Information included patient initials, date of birth, gender and eligibility checks.
Participants were assigned to their treatment allocation intraoperatively at the end of initial surgery, but before any wound dressing was applied.
Blinding
It was not possible to blind trial participants to treatment allocation as wound dressings were clearly visible. In addition, the treating surgeons could not be blind to the intervention, but the surgical and health-care team were not involved in trial assessments. Patient-reported outcomes were collected by postal questionnaire and returned directly to the central trial office (Warwick Clinical Trials Unit). Wound photographs were taken by research staff at the 6-week follow-up clinic. Wound images were reviewed independently by two experienced assessors blind to treatment allocation.
Statistical analysis
The main analysis investigated differences in the primary outcome measure, the DRI score at 1 year after injury, between the two treatment groups (standard wound dressings and NPWT) on an intention-to-treat (ITT) basis. Early and mid-term status was assessed and reported at 3, 6 and 9 months.
Health economic analysis
An economic evaluation was conducted from the recommended NHS and Personal Social Services perspective. An incremental cost-effectiveness analysis was performed, expressed in terms of incremental cost per quality-adjusted life-years (QALYs) gained. A bivariate regression of costs and QALYs, with multiple imputation of missing data, was conducted with the view to estimating the incremental cost per QALY gained associated with NPWT dressings. Sensitivity analyses were undertaken to assess the impact of uncertainty surrounding aspects of the economic evaluation, while prespecified subgroup analyses were conducted to explore the effects of heterogeneity in the trial population.
Results
Patients
A total of 625 patients were randomised into the trial between July 2012 and December 2015. Of these, 460 patients were willing and able to provide informed consent.
Primary outcome
There was no evidence of a difference in the DRI at 12 months between those patients treated with NPWT and those treated with standard wound dressings. The mean DRI in the NPWT group was 45.5 points [standard deviation (SD) 28.0 points] versus 42.4 points (SD 24.2 points) in the standard dressing group, giving a difference of -3.9 points [95% confidence interval (CI) -8.9 to 1.2 points] in favour of standard dressings (p = 0.132). As the minimal clinically important difference for the DRI is 8 points, we conclude that it is extremely unlikely that NPWT dressings confer a clinically important difference in DRI scores for patients with an open fracture of the lower limb. Similarly, there was no evidence of a difference in DRI score at 3, 6 or 9 months.
The secondary per-protocol (per treatment) analysis of the DRI did not differ from the primary ITT analysis, the difference between groups being -4.0 points (95% CI -9.1 to 1.0 points) in favour of the standard dressings (p = 0.119). This was as expected because the number of patients who did not receive the treatment allocated within the trial was small. SCIENTIFIC SUMMARY: THE WOLLF RANDOMISED CONTROLLED TRIAL NIHR Journals Library www.journalslibrary.nihr.ac.uk iv
Secondary outcomes
The main conclusion of the trial is supported by the analyses of the secondary outcome measures. There was no evidence of a difference in the HRQoL scores between the treatment groups at any point in the 12 months following the injury. The mean EuroQoL-5 Dimensions (EQ-5D) score in the NPWT group was 0.55 (SD 0.33) versus 0.56 (SD 0.32) in the standard dressing group, giving a difference of 0.01 (95% CI -0.06 to 0.07) in favour of the standard dressing (p = 0.823).
There was no difference in the number of deep SSIs between the treatment groups. In total, 35 out of the 460 participants (7.6%) had an indication of a deep SSI: 16 (7.1%) in the NPWT group and 19 (8.1%) in the standard dressing group, giving an estimated odds ratio of 1.18 (95% CI 0.59 to 2.37) in favour of NPWT (p = 0.638).
In terms of the economic evaluation, the base-case analysis used multiply imputed data and produced an incremental cost-effectiveness ratio of £267,910 per QALY gained, reflecting, on average, substantially higher costs and only marginally higher QALYs in the NPWT group. The probability that NPWT is cost-effective in this patient population did not exceed 27% regardless of the value of the cost-effectiveness threshold.
Discussion
This trial provides no evidence of a difference in the DRI between those patients treated with NPWT and those treated with standard wound dressings following an open fracture of the lower limb. Contrary to the existing evidence, there was no difference in the rate of deep SSI. Nor was there any evidence of a difference in HRQoL at any point in the first 12 months after the injury. NPWT did not reduce the cost of treatment and was associated with a low probability of cost-effectiveness.
In conclusion, contrary to the existing literature and current surgical guidelines, NPWT does not provide a clinical or economic benefit for patients with an open fracture of the lower limb.
